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ABSTRACT
The overall goal of work in this field is to improve materials for use in a variety of
applications in fuel cell and battery production. This thesis specifically investigates the synthesis
of two variations of a methyl (polyethylene glycol) comb polymer electrolyte (MePEGn where
n=7) to understand how the molecular structure of an ion-conducting polymer affects its
electrochemical properties. The MePEG used in this synthesis contains seven ethylene glycol
groups and was added to a poly (methylhydrosiloxane) comb polymer backbone. In the first
sample, the polymer contained only the MePEG sidechain, and in the second sample, the
polymer contained a mixture of MePEG sidechains and alkyl bromide sidechains. In additional
synthesis steps, these polymers were acidified with lithium and sulfonic acid (SO3H). These
polymer electrolytes were synthesized in order to study ionic conductivity, which would
ultimately be used to determine efficiency for possible application in fuel cells.
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CHAPTER I

INTRODUCTION
1.1 The Fuel Cell
The fuel cell has been researched and further developed since the early 1800s when Sir
William Grove created a device capable of combining hydrogen and oxygen in order to produce
electricity.1 Initially known as the “gas battery,” this device effectively became the fuel cell. 1
Later, in 1959, Francis Bacon successfully created and demonstrated the first fully-operational
fuel cell, and his work was adopted for use by NASA first in the NASA Gemini series and later
used in the Apollo space program.1 Specifically, the polymer electrolyte membrane fuel cells
(PEMFC) was used in the Gemini space program but later replaced by alkaline fuel cells due to
cost and endurance.2 By the early 2000s, the commercial use of fuel cells became increasingly
prevalent, and, today, fuel cells are gradually becoming used more frequently in the powering of
phones, laptops, and forms of transportation.
Fuel cells have become increasingly popular among researchers, for the fuel cell is
capable of producing high electrical efficiency without emitting harmful by-products, for the fuel
required is hydrogen gas and oxygen gas and the by-product is water.5 Fossil fuels, nuclear
energy, and forms of solar energy are all viable fuel options; however, as it relates to renewable
and environmentally-friendly fuel sources, hydrogen and electricity are both viable options.
Thus, fuel cells offer an option that does not cause any environmental damage and will likely be
an important vehicle for delivering alternative and permanent, sustainable energy source in the
future.5
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Ultimately, a fuel cell is a system capable of providing energy. Fuel cells work similarly
to batteries; however, they do not need to be recharged, as they will continue to produce
products, electricity, as long as fuel and oxidizer are available, thus turning chemical energy
stored in the fuel into electrical energy without the fuel cell, itself, being consumed in the
process. Both batteries and fuel cells consist of two electrodes separated by an electrolyte, and
both undergo oxidation-reduction reactions within their systems in order to generate electricity
from the chemical energy within the provided fuel.1 However, though each of these systems has
strong similarities, batteries are capable of storing energy, whereas fuel cells are only capable of
energy conversion and have separate storage of the fuel and oxidizer. Because of this energy
storage capability of batteries, primary batteries have a finite life span, for eventually the
chemicals powering the anode and cathode will become depleted. A benefit of the fuel cell, even
though they do not store energy, is that there is no depletion of the components of the cell, so it
can continually be used as long as fuel is supplied to the cell.3
A fuel cell contains two electrodes—an anode (a negative electrode in operation) and a
cathode (a positive electrode)—that are separated spatially by an electrolyte. Electrolytes allow
ions to flow while forcing the electrons to flow through an external electrical circuit. These
reactions are separated spatially by an electrolyte so that the electrons that are transferred from
the fuel must flow outside of the circuit and through an external circuit in order to complete the
reaction. This flow through an external circuit allows for the conduction of an electrical circuit,
or the flow of electricity, which then allows the flowing electrons to do work before completing
the reaction.3
In a simple fuel cell, as previously stated, two electrodes are immersed in and separated
by an electrolyte.3 These electrodes are composed of a porous material surrounded by an
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electrocatalytic layer; this porous layer helps to increase the surface area on which the reaction
can occur and allows for sufficient gas access.3 Hydrogen gas is supplied to the anode, where the
hydrogen oxidation reaction occurs, while oxygen gas is supplied to the cathode, where the
oxygen reduction reaction occurs, as shown below in Figure 1.

Figure 1: The cross section of a fuel cell showing the half reactions that occur at each electrode
Hydrogen molecules are oxidized and thus separated into protons (hydrogen ions) and electrons
at the anode. This separation produces the first electrochemical half reaction (Equation 1):
H2 ⇌ 2H+ + 2e−

E0red = 0.00 V

After separating, the protons then flow through the electrolyte solution to the cathode, while the
electrons travel through the circuit. 3 Once the protons, electrons, and oxygen molecules unite at
the cathode and generate water, producing the second half reaction as shown below (Equation 2):
1
2

O2 + 2H + + 2e− ⇋ H2 O

E0red = +1.23 V

Combining these two half reactions to create an overall reaction, shows how the overall reaction
within the fuel cell produces water, heat, and electrical work (Equation 3):
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1
H2 + O2 ⇒ H2 O + Wele + Q heat
2
E0cell = +1.23 V – 0.00 V = +1.23 V
Figure 2 below displays a cross section of a fuel cell, showing how electricity is
generated through a fuel cell. As shown by the dark arrows in the figure, hydrogen and oxygen
gas are delivered to the cell first.3 Then, at these plates, the oxidation-reduction reaction
described previously occurs, and then the ionic conduction through the electrolyte solution
between the cell plates occurs and the electronic conduction through the external circuit, shown
by the hollow arrow in Figure 2 below also occurs.3 As fuel is provided to the fuel cell, the
amount of current produced by the flow of electrons–shown in Figure 2 below— is proportional
to the amount of fuel consumed. After this circuit is completed, the fuel is removed from the fuel
cell; however, as long as there is fuel (hydrogen gas and oxygen gas) provided to the cell, it will
continue to produce electricity.3 The catalyst layers labeled and shown in red in Figure 2 below
are present in order to allow this reaction process to occur quickly.

Figure 2: The cross section of a fuel cell representing the steps in electrochemical generation of
electricity through a fuel cell, adapted from Reference4
There are a variety of fuel cells, each with a different electrolyte solution or starting
material of the electrodes. Among the varying types of fuel cells, some of the more common
13

electrolyte solutions are polymer membranes, liquid phosphoric acid, liquid potassium
hydroxide, molten carbonate, and ceramic media.3 Additionally, the different fuel cell types that
employ these specific electrolyte solutions are the polymer electrolyte membrane fuel cell
(PEMFC), the phosphoric acid fuel cell (PAFC), the alkaline fuel cell (AFC), the molten
carbonate fuel cell (MCFC), and the solid oxide fuel cell (SOFC), respectfully.3
PEM fuel cells, as their name suggests, use a polymer electrolyte to separate the two
electrodes within the fuel cell, and these fuel cells are some of the most commonly studied.
These specific fuel cells have a variety of applications, including use in automotive operations
due to their positive alternative fuel properties. The membrane electrode assembly (MEA) within
the fuel cell is shown in Figure 3 below and is between the two electrode plates; it consists of a
proton exchange membrane, catalyst layers, and gas diffusion layers.6 These layers are often
synthesized individually and then combined at a high temperature and pressure.6

Figure 3: A cross section schematic of a proton exchange membrane fuel cell, adapted from
Reference6

14

1.2 Poly(ethylene glycol) Polymer Series

The poly(ethylene glycol) (PEG) polymer, as shown in Figure 3 below, are a central
focus in alternative fuel source literature for a variety of reasons.

Figure 3: Chemical structure of poly(ethylene glycol) (PEG) or poly(ethylene oxide) (PEO),
adapted from Reference10
PEG solutions have unique physical properties and have been increasingly popular in
pharmaceutical and drug applications, for there is a use for PEG and PEG-coated nanocapsules
to aid delivery of proteins across anatomical membranes.8 The PEG coating of the capsules
accelerates their transport across membranes.9 More broadly and in addition to the use of PEG
polymers in drug therapies, PEG is a very key component in research of polymer electrolyte
membrane fuel cells. In this project, a methyl-poly(ethylene glycol) polymer was used to
synthesize the comb polymer products used and tested.
PEG has a lot of free volume, or disorder in its molecular structure. This can be very
effective at promotion the diffusion of small molecules and ions through this material. In
addition, PEG has Lewis basic ether oxygen atoms, which can serve as coordination sites for
small cations. This interaction may be responsible for coordinating to H+ ions in the electrolyte,
and serving as solvation for the H+ ions in the absence of H2O
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1.3 Specific Goals of This Project
The specific goal of this project was to synthesize and analyze a series of comb MePEG
polymers with a silicone backbone that can ultimately be used for fuel cell applications. The two
polymers synthesized were tested under similar conditions: one containing a mixture of the alkyl
bromide sidechain, with the bromine later substituted with a sulfite group and the MePEG
sidechain; the second containing only the MePEG sidechain, later acidified with Lithium.
Between these two polymers, ionic conductivity was tested: proton conductivity and
lithium conductivity. However, this study specifically looks at the difference in conductivity
measurements between the acid being attached to the polymer sidechain itself, as in the
(MePEG7SiOCH3)n (SiOCH3(CH2)6SO3H)m (SiMe3)2 comb polymer, and the acid being added
into the polymer solution separately as in the (MePEG7SiOCH3)n(SiMe3)2 Li+ comb polymer.
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CHAPTER II

METHODS AND MATERIALS
2.1 Chemicals
Poly(methyl hydrosiloxane) (pHMS, Gelest), alkyl bromide (5-bromo-1-pentene,
Aldrich), sodium sulfite (Fischer), and Lithium hexafluorophosphate (LiPF6, Aldrich) were used
as received. Solvents used included ethanol (C2H5OH, brand), acetone (C3H6O),
dichloromethane (CH2Cl2, brand), and liquid toluene (C6H5CH3, Fischer) all were used as
received. Karstedt’s catalyst, platinum divinyl tetramethyl disiloxane, (C24H54O3Pt2Si6) was used
as received. 1H and 13C NMR spectra were recorded on the Bruker 300 spectrometer, with
deuterated chloroform (CDCl3, 99.8%, Cambridge) as the solvent. An ion exchange column was
used, charged with 1 M (HCl • H2O) solution and washed with nano pure water (H2O, brand).
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2.2 Synthesis of Materials
Synthesis of Poly(ethylene glycol) Allyl Methyl Ether (MePEG 3OCH2CHCH2) (Scheme 1)
This material was prepared analogously to a method described by Hooper et al. and Siska
& Shriver (Hooper, R.; Lyons, L. J.; Moline, D. A.; West, R. Organometallics 1999, 18, 32493251;Hooper, R.; Lyons, L. J.; Mapes, M. K.; Schumacher, D.; Moline, D. A.; West, R.
Macromolecules 2001, 34, 931-936.;Siska, D. P.; Shriver, D. F. Chem. Mater. 2001, 13, 46984700). Here, NaH (4.60 g, 192 mmol) and THF (35mL) were added to an air-free round bottom
flask. Dry triethylene glycol methyl ether (MePEG3OH, 30.00 g, 182.9 mmol) was dissolved in
~20 ml of dry THF and added dropwise to the NaH/THF slurry. The mixture was stirred at room
temperature, under argon, for 30 min to complete the deprotonation. Allyl bromide (22.57 g, 187
mmol) was dissolved in 10 ml THF and added dropwise to the reaction mixture (a white
precipitate of NaBr appeared upon addition). The reaction was stirred at room temperature for 5
hours, followed by the addition of ~5 ml of wet acetone to quench any unreacted NaH. The NaBr
precipitate was removed by filtration, and the filtrate was extracted with 50ml 0.5 M NaCl and 3
x 75 ml chloroform. The organic fraction was dried (Na2SO4) and concentrated by rotary
evaporation yielding a clear and colorless liquid (33.25 g, 163.0 mmol, 89.1%). NMR (1H, in
CDCl3),  (ppm) 3.35 (s, 3H), 3.51-3.70 (m, 12H), 3.99 (m, 2H), 5.20 (dd, 2H), 5.88 (m, 1H).
NMR (13C, in CDCl3),  (ppm) 58.43, 68.94, 70.01-7012, 71.44, 71.44, 116.32, 134.37.

Scheme 1: Synthesis of Poly(ethylene glycol) Allyl Methyl Ether (MePEG3OCH2CHCH2)
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Synthesis of (MePEG7SiOCH3)n(SiMe3)2 Comb Polymer (n=29,Scheme 2)
This polymer was prepared in an air-free round-bottom flask in an inert atmosphere in a
nitrogen-filled glovebox. 0.626 g of Poly(methyl hydrosiloxane) (0.321 mmol) added into the
round-bottom flask, along with 3.480 g (9.145 mmol) of the previously prepared methyl
(polyethylene glycol) allyl (CH3O(CH2CH2O)7-CH2CHCH2). 5 µL of the platinum catalyst
solution, Karstedt’s catalyst (platinum divinyl tetramethyl disiloxane), and 5 mL of toluene were
added into the round-bottom flask. The mixture was then heated to 70 ºC in a mineral oil bath
under a closed system and mixed well for 2 hours. After 2 hours, NMR analysis showed the
disappearance of the alkene protons at 5.2 ppm and a disappearance of the siloxane (Si-H) peak
at 4.7 ppm indicating coupling. The remaining solution was concentrated on a rotary evaporator
for 30 minutes to remove excess toluene.

Scheme 2: Synthesis of (MePEG7SiOCH3)n(SiMe3)2 Comb Polymer (n=29)

Synthesis of (MePEG7SiOCH3)n(SiOCH3(CH2)6Br)m (SiMe3)2 Comb Polymer (n=13, m=13,
Scheme 3)
This polymer was prepared in an air-free round-bottom flask in an inert atmosphere in a
nitrogen-filled glovebox. 0.222 g of Poly(methyl hydrosiloxane) (0.114 mmol) was added into
the round-bottom flask; 0.610 g (1.602 mmol) of the previously prepared methyl (polyethylene
glycol) allyl (CH3O(CH2CH2O)7-CH2CHCH2) was added into the round-bottom flask; 0.330 g
(2.210 mmol) of the alkyl bromide (5-bromo-1-pentene) was added into the round-bottom flask.
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5 µL of the platinum catalyst, Karstedt’s catalyst (platinum divinyl tetramethyl disiloxane), and
5 mL of toluene were added into the round-bottom flask. The mixture was then heated to 70 ºC
in a mineral oil bath under a closed system and mixed well for 2 hours. After 2 hours, NMR
analysis showed the disappearance of the alkene protons and a disappearance of the siloxane (SiH) peak. The remaining solution was concentrated on a rotary evaporator for 30 minutes to
remove excess toluene.

Scheme 3: Synthesis of (MePEG7SiOCH3)n(SiOCH3(CH2)6Br)m (SiMe3)2 Comb Polymer (n=13,
m=13)

Preparation of (MePEG7SiOCH3)n(SiMe3)2 Li+ Comb Polymer (n=29, Scheme 3)
The (MePEG7SiOCH3)n(SiMe3)2 Li+ Comb Polymer solution was prepared using 0.308 g
of LiPF6 (2.03 mmol, MW = 151.905 g/mol) and 2.00 g (5.256 mmol) of
(MePEG7SiOCH3)n(SiMe3)2 Comb Polymer (Scheme 1). This resulting solution had a
concentration of 1.0 M and a density determined to be 1.319 g/mL.
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Preparation of (MePEG7SiOCH3)n (SiOCH3(CH2)6SO3H)m (SiMe3)2 Comb Polymer (n=13,
m=13, Scheme 4)
The (MePEG7SiOCH3)n (SiOCH3(CH2)6SO3H)m (SiMe3)2 comb polymer was synthesized
with 0.80 g of the (MePEG7SiOCH3)n(SiOCH3(CH2)6Br)m (SiMe3)2 comb polymer from Scheme
2. This comb polymer was dissolved in 11 mL of 10:1 ethanol/water and then slurried with
0.192 g of anhydrous sodium sulfite Na2SO3. The mixture was stirred for 2 h at room
temperature and then heated to reflux for 48 h. After cooling, excess salts were removed by
filtration, and the solvent removed by rotary evaporation. The remaining oil/salt mixture was
then slurried in ethanol, dissolving the MePEG3SO3− Na+ product, leaving some Na2SO3 and
NaCl salts undissolved. These undissolved salts were removed by filtration, and the process was
repeated in progressively less polar organic solvents; ethanol (C2H5OH), acetone (C3H6O), and
dichloromethane (DCM, CH2Cl2). The (MePEG7SiOCH3)n (SiOCH3(CH2)6SO3- Na+)m (SiMe3)2
comb product was dissolved in water and run through an H+ ion-exchange column (Amberlite
IR-120 PLUS strongly acidic resin) to form the acidified (MePEG7SiOCH3)n
(SiOCH3(CH2)6SO3H)m (SiMe3)2 comb product. The density of this product was determined to
be 1.06 g/mL.
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Scheme 4: Overall preparation of (MePEG7SiOCH3)n(SiOCH3(CH2)6Br)m (SiMe3)2 Comb
Polymer (n=13, m=13), including Scheme 3
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2.3 Electrochemical Methods
Conductivity measurements were performed using a PAR 283 Potentiostat with a PerkinElmer 5210 lock-in amplifier, as shown in Figure 4 below. These instruments were controlled by
PowerSuite software which controlled the experiment parameters and collected and analyzed the
data collected from these instruments.

Figure 4: Perkin-Elmer 5210 Lock-in Amplifier (top) and PAR 283 Potentiostat (bottom)
Conductivity measurements were made from taking within a Faraday Cage—used to
prevent electrostatic interference from other neighboring machines—shown below in Figure 5.

Figure 5: Faraday Cage
23

Inside the Faraday cage, water and vacuum tubing—from the Isotemp 3016 water heater
and the MaximaDry vacuum pump—are run through the cage to allow the tests to run under dry,
temperature-controlled conditions, as shown in Figure 6 below. Three electrodes were connected
to the water and vacuum pumps to allow for three sample measurements to be taken under each
temperature condition. When testing, only the electrode connections need to be switched as the
different polymer samples are being tested.

Figure 6: Conductivity electrode setup within Faraday cage
Before each polymer sample was tested, the samples were dried at 50°C under vacuum
for 2 hours. Measurements were then taken from 10-80°C in increments of 10°C using the
parameters in Figure 19 below. The Test 22421 corresponds with the dummy cell,
4.14.21.omfa15A.50 corresponds to the (MePEG7SiOCH3)n(SiMe3)2 Li+ sample; and the
24

4.15.21.omfa17A.50 corresponds to the (MePEG7SiOCH3)n (SiOCH3(CH2)6SO3H)m (SiMe3)2
sample.
Parameters

Test 22421

Start Frequency
End Frequency
AC Level

3.00 kHz
100 mHz
10 mV
Fixed
1.00 mA
1.0000 cm2
Old 283 Z
Calibration

Current Ranging
Electrode Area
Calibration
Dataset

4.14.21.omfa15A.50 4.15.21.omfa17A.50
120 kHz
10.0 Hz
10.0 mV
Automatic
(10.0 mA)
1.0000 cm2
Old 283 Z
Calibration

120 kHz
100 Hz
10.0 mV
Automatic
(10.0 mA)
1.0000 cm2
Old 283 Z
Calibration

Figure 19: The Parameters for the Conductivity Measurements in PowerSuite
Data was obtained in the PowerSuite, analyzed using a Nyquist Plot, and verified using a
Bode Plot. A Nyquist Plot was created for each data point—each sample had three data samples
at each specified temperature—and the resistance was calculated from the diameter and then
converted to conductivity. The Bode Plot measured resistance versus frequency, verifying the
results gathered from the samples and aiding in the identification of outliers or abnormal data.
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CHAPTER III

RESULTS AND DISCUSSION
3.1 Confirmation of Polymer Synthesis
Confirmation of the Synthesis of (MePEG7SiOCH3)n(SiMe3)2 Comb Polymer (n=29,Scheme 2)
Below in Figure7 is a 1H-NMR spectrum of the Poly(ethylene glycol) Allyl Methyl
Ether (MePEG3OCH2CHCH2) (Scheme 1). NMR (1H, in CDCl3),  (ppm) 3.35 (s, 3H), 3.513.70 (m, 12H), 3.99 (m, 2H), 5.20 (dd, 2H), 5.88 (m, 1H). NMR (13C, in CDCl3),  (ppm) 58.43,
68.94, 70.01-7012, 71.44, 71.44, 116.32, 134.37. In the synthesis of (MePEG7SiOCH3)n(SiMe3)2
Comb Polymer (n=29,Scheme 2), the NMR analysis of this polymer, shown in Figure 9, does
show the disappearance of the alkene protons at 5.2 ppm, shown in Figure 7, and a
disappearance of the siloxane (Si-H) peak, shown in Figure 8, at 4.7 ppm indicating coupling.

Figure 7: 1H-NMR spectrum of the Poly(ethylene glycol) Allyl Methyl Ether
(MePEG3OCH2CHCH2) (Scheme 1)
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Figure 8: 1H-NMR spectrum of the Siloxane backbone

Figure 9: 1H-NMR of (MePEG7SiOCH3)n(SiMe3)2 Comb Polymer
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Confirmation of the Synthesis of the (MePEG7SiOCH3)n(SiOCH3(CH2)6Br)m (SiMe3)2 Comb
Polymer (Scheme 3)
The synthesis of the (MePEG7SiOCH3)n(SiOCH3(CH2)6Br)m (SiMe3)2 Comb Polymer
required that both the MePEG sidechain and the allyl bromide sidechain couple to the siloxane
backbone. In Figure 10 below, the 1H-NMR of 5-bromo-1-pentene is shown, displaying peaks as
follows: 1.95 (m, 2H), 2.21 (m, 2H), 3.40 (t, 2H), 5.06 (t, 2H), 5.77 (m, 1H). Figure 8 shows the
1H-NMR

spectrum of the Siloxane backbone used in the previous synthesis, and Figure 7 shows

the 1H-NMR spectrum of the Poly(ethylene glycol) Allyl Methyl Ether (MePEG3OCH2CHCH2)
(Scheme 1). Figure 11 below shows the synthesis of (MePEG7SiOCH3)n(SiOCH3(CH2)6Br)m
(SiMe3)2 Comb Polymer (Scheme 3) in which the alkene protons at 5.06 ppm disappear and the
Si-H peaks at 4.7 ppm.

Figure 10: 1H-NMR of 5-bromo-1-pentene
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Figure 11: 1H-NMR of (MePEG7SiOCH3)n(SiOCH3(CH2)6Br)m (SiMe3)2 Comb Polymer
(Scheme 3)
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3.2 Ion Conductivity Results
Using the electrochemical methods from Chapter 2.3, a Nyquist Plot was created for each
data point and the resistance from the diameter was collected and converted to deduce
conductivity. Below in Figure 12 is the Nyquist plot for the Dummy Cell that had a resistance of
100 ± 20% Ω. As shown in the plot below, the semi-circle has a best fit circle with a diameter of
99.81 Ω, within the expected range of 95-105 Ω, and the sample deviation was only 0.4304.
Based on the analysis of this Dummy Cell, it is within reason to conclude that the instruments
were accurately calibrated.

Figure 12: Nyquist Plot for AC Impedance Dummy Cell which had a diameter of 99.81 Ω
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With proper calibration of the Dummy Cell, a Nyquist Plot was created for each data
point of each product sample at each tested temperature, 10-80ºC in 10ºC increments, and the
resistance from the diameter was collected and converted to deduce conductivity. The
conductivity averages for (MePEG7SiOCH3)n(SiMe3)2 Li+ and (MePEG7SiOCH3)n
(SiOCH3(CH2)6SO3H)m (SiMe3)2 were reported below in Table 1. Each polymer showed an
increase in conductivity as the temperature increased, which is consistent with the literature.

(MePEG7SiOCH3)n(SiMe3)2 Li+

(MePEG7SiOCH3)n
(SiOCH3(CH2)6SO3H)m
(SiMe3)2

Temperature (°C)

(S/m)

(S/m)

10

5.5342 E-07

2.421 E-09

20

2.2679 E-07

4.2796 E-09

30

1.6841 E-06

1.8489 E-09

40

6.9782 E-07

8.3806 E-09

50

1.4912 E-06

3.1066 E-06

60

2.3317 E-06

2.5677 E-08

70

3.2586 E-06

7.6101 E-08

80

6.8329 E-06

6.2065 E-08

Table 1: Temperature dependent conductivity measurements for
(MePEG7SiOCH3)n(SiMe3)2 Li+ and (MePEG7SiOCH3)n (SiOCH3(CH2)6SO3H)m (SiMe3)2
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The Arrhenius Activation Plots below in Figure 13 and Figure 14 were created to
determine the activation energy for each polymer. The activation energy is the amount of energy
per mole required to transport an ion across the membrane. A linear fit was applied to each plot,
and the slope of the plot, applied through the Arrhenius equation, shown below, determined the
activation energy for each polymer.
As shown below in Figure 13, the Arrhenius Activation Plot for the
(MePEG7SiOCH3)n(SiMe3)2 Li+ comb polymer yielded an activation energy of 43.28 kJ/mol,
which is similar to other Lithium ion PEG polymers in literature.11

Figure 13: Arrhenius Activation Plot for the (MePEG7SiOCH3)n(SiMe3)2 Li+, best fit line and
coefficient of determination displayed. The slope yielded an activation energy of 43.28 kJ/mol.
As shown below in Figure 14, the Arrhenius Activation Plot for the (MePEG7SiOCH3)n
(SiOCH3(CH2)6SO3H)m (SiMe3)2 comb polymer yielded an activation energy of 57.00 kJ/mol.
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Figure 14: Arrhenius Activation Plot for the (MePEG7SiOCH3)n (SiOCH3(CH2)6SO3H)m
(SiMe3)2, best fit line and coefficient of determination displayed. The slope yielded an activation
energy of 57.00 kJ/mol.
The activation energy displayed in Figure 14 for the (MePEG7SiOCH3)n
(SiOCH3(CH2)6SO3H)m (SiMe3)2 polymer is a fairly high activation energy compared to the
literature, for lower activation energies are preferred, as it is ideal to transport more ions across
the membrane with less energy required; however, it still does provide data for a functioning
membrane solution.

33

3.3 Conclusions
The overall goal of this thesis was to investigate the synthesis of two variations of a
methyl (polyethylene glycol) comb polymer electrolyte (MePEGn where n=7) to understand how
the molecular structure of an ion-conducting polymer affects its electrochemical properties. The
MePEG used in this synthesis contains seven ethylene glycol groups and was added to a poly
(methylhydrosiloxane) comb polymer backbone. In the first sample, the polymer contained only
the MePEG sidechain, and in the second sample, the polymer contained a mixture of MePEG
sidechains and alkyl bromide sidechains. In additional synthesis steps, these polymers were
acidified with lithium and sulfonic acid (SO3H). These polymer electrolytes were synthesized in
order to study ionic conductivity, which proved to have operable activation energies.
The Arrhenius Activation Plot for the (MePEG7SiOCH3)n(SiMe3)2 Li+ produced a slope
that yielded an activation energy of 43.28 kJ/mol, and the Arrhenius Activation Plot for the
(MePEG7SiOCH3)n (SiOCH3(CH2)6SO3H)m (SiMe3)2 produced a slope that yielded an
activation energy of 57.00 kJ/mol. Though these are slightly high activation energies for optimal
conditions within a polymer electrolyte membrane fuel cell, this thesis produced results that may
contribute to the study and synthesis of alternative MePEG polymers. Additionally, the synthesis
portion of this thesis allowed the expansion of study around MePEG fuel cell polymers, for it
successfully attempted the attachment of the acid directly to the backbone of the comb polymer;
whereas, in most fuel cell polymers, the polymer is acidified with Lithium or in an alternative
way.
The continual research and development of fuel cells and the polymer electrolyte
membrane is pivotal in the transition of fuels from environmentally-destructive fuel options to
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alternative fuel sources that do not cause any environmental damage and can offer a more
sustainable energy source in the future.
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